Objective To determine the safety and effectiveness of female sterilisation in the Finnish population.
Introduction
Female sterilisation is a commonly used method of contraception among women who prefer permanent and safe birth control. Bilateral tubal ligation under anaesthesia either via laparoscopy (Filshie â clip method; Cooper Surgical, Lake Forest, CA, USA) or mini-laparotomy (Pomeroy method) has been the primary technique for decades. In 2001 a novel hysteroscopic approach (Essure â ; Conseptus, San Carlos, CA, USA) received approval in Europe after short follow-up studies.
Little evidence is available about female sterilisation, despite its wide application. No randomised controlled trial or large comparative cohort study has been conducted to compare the efficacy and safety of the hysteroscopic procedure with the traditional laparoscopic procedure. Reports worldwide are based on small cohorts, case reports, and industry statistics for Essure â kits sold, including kits not implanted. 1 Much recent debate has focused on the feasibility of hysteroscopic sterilisations: two publications highlighted the concern about the risk of unintended pregnancy, adverse events, and re-operations. 2, 3 The US Food and Drug Administration (FDA) also announced the need for additional actions to provide important information about the risks of using Essure â (FDA News release 29 February 2016).
As part of the Managed Uptake of Medical Methods (MUMM) programme, the Finnish Office for Health Technology Assessment at THL (National Institute for Health and Welfare) launched the systematic review about Essure â in 2010. 4 The high-quality registers in Finland provide reliable comparative follow-up data of female tubal sterilisations. The study objective was to evaluate long-term results about the effectiveness and the need for re-operations after three types of sterilisation.
Methods
In Finland, the most used sterilisation methods include the laparoscopic method with Filshie â clips and the hysteroscopic method with Essure â implants. Before either procedure, vaginal ultrasound is carried out to exclude abnormalities. Practically all Pomeroy sterilisations are performed at the time of a caesarean section. The Finnish Register of Sterilisations was linked with the Finnish Hospital Discharge Register, Register on Induced Abortions, and Medical Birth Register (MBR), in order to investigate the occurrence of repeat sterilisations and other operations, as well as all pregnancies after sterilisation, by method. Cases were linked using the personal identification number (PIN) that is included in all registers. The complication rates were calculated per 1000 follow-up years for each procedure separately, and the comparisons by procedure were made by calculating risk ratios (RRs) and 95% confidence intervals (95% CIs). We calculated unadjusted risk ratios for different sterilisation procedures against other sterilisation procedures as the comparison group. Data linkage and analyses were conducted with SAS 9.3 (SAS Institute, Cary, NC, USA).
The Finnish health registers are considered to be complete, and most of the variables correspond well or very well with the medical records. 5, 6 According to Finnish legislation, data collection is mandatory for both the public and private sectors without informed consent from the people registered. Finnish medical authorities have collected data on sterilisations since 1939, and the data are available in electronic form from 1987. The latest revision of the data collection form was completed in 2009, when the procedure classification of female sterilisation was updated. Current classification methods include tubal ligation, hysteroscopic sterilisation, and laparoscopic sterilisation. Tubal ligation and hysteroscopic sterilisation were previously registered in the same category. In this study, only sterilisations with specific information on procedure with the current classification were used.
The research data included all female sterilisations performed in the period 2005-2014: a total of 30 194 cases. Altogether, 12 867 sterilisations could not be allocated to any of the categories for the following reasons: data were collected using the older data collection form (n = 12 776, 42.3%); some other sterilisation method was used (n = 89, 0.3%); information was missing on procedure type (n = 718, 2.4%); or the PIN was either missing or incomplete (n = 123, 0.4%), and these cases were excluded from the data. In addition, 216 women had received two procedures in the register: both sterilisations were included in the data, but for data-linkage purposes, the latter procedure was removed. The final data set thus included 16 272 sterilisations.
The Finnish Hospital Discharge Register has data on patients discharged from hospitals from 1969 onwards.
From 1994 onwards the register also contains information on day surgeries, and from 1998 includes care in specialised outpatient care. From 1997 onwards the NOMESCO Classification for Surgical Procedures (NCSP) has been used. 7 The Termination of Pregnancy register contains information on all legal terminations of pregnancy in Finland. Data on the number of terminations of pregnancy by individuallevel data with a PIN are available in electronic form from 1983 onwards. The Medical Birth Register was established in 1987. The register includes data on all live births, and on stillbirths with a gestational age of 22 weeks or more or birthweight of 500 grams or more, as well as data on the mothers. Since 1990, the Medical Birth Register includes information on in vitro fertilization (IVF).
We used the tenth revision of the International Statistical Classification of Diseases and Related Health Problems (ICD-10; codes O00, O00.1, O00.2, O00.8, O00.9, O03, O04, O30, O60, O80, and O82) and NCSP (codes JAH00, JAH01, JAL11, JAL31, JAP01, LBC20, LBC21, LBE00, LBE01, LBF01, LBF30, LBF31, ULC02, LCA22, LCG22, LCC, LCD, LEF13, LGA00, LGA10, LGA11, LGA20, LGA21, LGA22, LGA96, LGA97, LGA98, and LW) to find pregnancy-or surgery-related episodes in the Hospital Discharge Register (the codes are defined in Appendix S1). A total of 1196 women were identified to have such a diagnoses or procedures after the date of the sterilisation. Altogether 21 women had a reversal of the sterilisation (NCSP codes LBF60, LBF61, LBF70, LBF71, LBF96, and LBF97), and these cases were excluded after the reversal procedure. The final number of hospital episodes was 1394.
The data on all women sterilised were also linked with the Termination of Pregnancy register (n = 138) and the Medical Birth Register (n = 128). If one person had several end-point outcomes (e.g. termination of pregnancy) or births in the data, only the first occurrence after sterilisation was included in the analyses.
Results
The 
. None of these pregnancies began within 3 months in the Pomeroy group, and 60% began after the first year.
In the whole study group, 1394 selected operations were reported after primary sterilisation, representing 8.6% of the cases. The numbers and risk ratios for the operations reported are presented in Table 2 Pomeroy sterilisations (i.e. fewer hysteroscopies were performed after these procedures).
Discussion

Main findings
No statistical difference between the sterilisation groups was evident when compared by method for all spontaneous pregnancies per 1000 follow-up years. Operations after index sterilisation were reported in 8.6% of cases in the whole study group. Re-sterilisations and hysteroscopies were more common in the Essure â group, but no differences were observed in other operations between the sterilisation groups.
Strengths and limitations
The key strengths of this study are the mandatory and high-quality national registers and comprehensive record linkage. Some problems occurred, however, when analysing the current data. There were several cases with two sterilisations in the register. These may be double notifications of the same procedure, in which case the duplicate should be removed; however, the register is routinely checked for this and cases with the same procedure data, for example, are removed. Double PIN numbers could also be a result of a sterilisation performed in two parts (e.g. first one tube and then the other), which is supported by the number of second sterilisations by Essure â after Essure â (n = 127). According to the instructions, the register notification should only be made after the second procedure, when the sterilisation is complete, but some clinicians appear to ignore this instruction. Double PIN numbers could also mean an unsuccessful first sterilisation attempt. For eight cases, however, it was clear from the register information that the sterilisation was performed in two parts, and the first report was removed.
Interpretation (in light of other evidence) 
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